A comprehensive treatment of the small western Mediterranean genus Plagius, including morphological, anatomical and cytological details and distribution maps, is presented and the results of a phylogenetic analysis based on nrDNA internal transcribed spacer (ITS) sequence variation discussed. The three species of Plagius are found to form a monophyletic group with 88 % bootstrap support within the Leucanthemum group of genera, which is characterised by a specialised achene anatomy. The chromosome numbers of P. maghrebinus (2n = 18) and P. grandis (2n = 36) are reported for the first time. The basionym of P. grandis is lectotypified.
Introduction
The genus Plagius DC. was established by Candolle (1838) for three species of Balsamita Desf. (Desfontaines 1792) , non Mill. (Miller 1754) , excluding the type species B. major Desf. and including the species B. grandiflora Desf., B. ageratifolia Desf. and B. virgata Desf. (Alavi & Heywood 1976) . While the first two species were already known to and described by Linné, B. grandiflora as Cotula grandis L. (Linnaeus 1763) and B. ageratifolia as Chrysanthemum flosculosum L. (Linnaeus 1753) , and unproblematical in their circumscription, the third taxon was the victim of a long chain of taxonomic misconceptions and nomenclatural errors. Alavi & Heywood (1976) and Greuter & al. (2003) clarified these matters and arrived at the following points:
(1) The correct name for B. grandiflora is P. grandis (L.) Alavi & Heywood. (2) Since Candolle (1838) included Chrysanthemum flosculosum L. (1753) in the synonymy of his P. ageratifolius (Desf.) DC., P. flosculosus (L.) Alavi & Heywood is the correct name for this taxon designated as the type of the genus Plagius (Alavi & Heywood 1976) . (3) The N African populations of Desfontaines' B. virgata constitute a species independent from populations from the Sea Alps formerly known under the name Leucanthemum discoideum (All.) Lacaita or L. discoideum (L.) Coste, but correctly named L. virgatum (Desr.) Clos (Greuter & al. 2003) . Despite several attempts to name the N African taxon (Boissier 1856 , Vogt 1996 , the species remained without a nomenclaturally correct name until the validation of Boissier's description under P. maghrebinus Vogt & Greuter (Greuter & al. 2003 ).
The taxonomic concept of the genus Plagius is mainly based on the combination of two morphological characteristics, the possession of discoid capitula and of arcuate achenes with longitudinal ribs being basally fused into an adaxial foot callus (Bremer & Humphries 1993, Oberprieler & al., in press ). Since both characteristics are also found in representatives of closely related genera (e.g. discoid capitula in Chlamydophora and Leucanthemum, achenes with foot callus in Coleostephus and Glossopappus), it is the combination of these two features that define this generic entity. As a consequence, the phylogenetic relationships of Plagius were always considered to lie with Leucanthemum and its mentioned satellite genera. This was corroborated, first, by the phytochemical studies of Bohlmann & al. (1964) who found similar acetylene compounds in Plagius flosculosus and representatives of Coleostephus and Glossopappus, second, by a cladistic analysis of the subtribe Leucantheminae sensu Bremer & Humphries (1993) based on morphological, anatomical, and phytochemical characters (Bremer & Humphries 1993) , and, third, by molecular phylogenies based on sequence information from the nuclear ribosomal internal transcribed spacer regions (nrDNA ITS) and the intergenic spacer region between the genes trnL and trnF of the chloroplast genome (Oberprieler & Vogt 2000) .
The present paper contributes a formal taxonomic treatment of the genus Plagius and discusses its relationships based on a phylogenetic analysis of a comprehensive data set of nrDNA ITS sequence information.
Material and methods
The present study is based on cultivated material and field studies as well as herbarium specimens held at the following institutions (abbreviations according to Holmgren & Holmgren 1998-) : B, BM, C, E, FI, G, GOET, JE, K, M, MA, MPU, MSB, P, RAB, S, W, WU, and the private collections of the authors.
Seed material and living plants were collected during a field trip of the authors to Tunisia organized by the Botanic Garden and Botanical Museum Berlin-Dahlem in 1994 and in Sardinia by L. Zedda (Bonn). Living plants have been cultivated in the greenhouses of the Berlin Botanic Garden. Vouchers are deposited in B and in the private collections of the authors.
Information on material and methods used in the phylogenetic analysis based on nrDNA ITS sequence information is given in Oberprieler & Vogt (2006) .
Chromosome numbers were obtained from somatic mitoses of root tips of plants raised from seed. Root tips were pretreated with hydroxychinoline (0.002 molar aqueous solution) for 2 hours, fixed in 96 % ethanol/glacial acetic acid (3:1) and refrigerated. Hydrolyzation was carried out with 1-2n hydrochloric acid for 10-15 minutes at 60°C. For chromosome staining, root tips were squashed in aceto-orcein. Chromosome counts were made for several plants of a common seed origin. Five to ten metaphase stages were examined for every plant.
The descriptions are based on measurements made on dried plants. The variation ranges cited cover the total observed variation exhibited by a particular taxon. Extreme values have been placed in parentheses.
In the lists of specimens seen localities are given countrywise in the following order: France, Italy, Morocco, Algeria and Tunisia. Within each country, administrative districts (France: Département; Italy and Morocco: Province; Algeria: Wilaya; Tunisia: Gouvernorat) are listed in alphabetic order. Within each district, specimens are listed from N to S. Most of the specimens are given with longitude and latitude of the collecting locality, written as stated by the collector(s), or taken from various maps [then cited in square brackets]. The distribution maps were generated with the free Geographic Information System (GIS) software DIVA-GIS (Hijmans & al. 2005) using an adaptation of the global digital elevation model GOTOPO30 (EROS Data Center 1996) created by Norbert Kilian (Berlin).
For comparative anatomical studies achenes were taken from herbarium specimens and soaked in a mixture (6:1) of 10 % aqueous solution of dioctyl sodium sulfosuccinate and 96 % ethanol for two days (Peterson & al. 1978) . Following dehydration through a 20 % incremental series to absolute ethanol with changes every 24 hours, achenes were infiltrated with Technovit 7100 (Heraeus-Kulzer) for four to six weeks. After embedding, median-transverse sections (3-5 µm thick) of achenes were made using a rotary microtome, stained in toloidine blue and mounted in Vitroclud (Langenbrinck).
Systematic position of Plagius
In a preliminary molecular phylogenetic study of Mediterranean Anthemideae aiming at the clarification of the taxonomic position of Castrilanthemum debeauxii (Degen & al.) Vogt & Oberprieler, Oberprieler & Vogt (2000) included the three species of Plagius in their data set consisting of nrDNA ITS and cpDNA trnL-trnF intergenic spacer sequence information (P. maghrebinus under its synonym P. fontanesii). While in their maximum parsimony (MP) tree based on nrDNA ITS sequences these three species formed a moderately supported monophyletic group, the MP analysis of the chloroplast marker was not well resolved due to the scarcity of phylogenetically informative characters (Oberprieler & Vogt 2000) .
The present molecular phylogenetic analysis of Mediterranean Anthemideae (Oberprieler & Vogt 2006 ) is based on a taxonomically very comprehensive data sampling for the nrDNA ITS marker and consists of 116 representatives from 59 genera. All 43 genera characterised by an apomorphic 15bp-deletion in ITS2 (the 'Circum-Mediterranean clade', Oberprieler 2005, Oberprieler & al., in press) were represented by at least one species, the large genera of this clade (Achillea, Anthemis, Cota, Tanacetum, Tripleurospermum) by a number of species from different subgeneric groups. In contrast to former analyses where phylogenetic reconstructions were accomplished using the maximum parsimony criterion, we were able to analyse this large data set with the (usually more time-greedy) model-based maximum likelihood (ML) approach, thanks to the software 'Treefinder' (Jobb 2004) , which is extremely fast compared to other programs for phylogenetic reconstruction such as PAUP* (Swofford 2002) . With this program, it was even possible to carry out a ML bootstrap analysis to get support values for the different monophyletic groups.
The ML search yielded the tree depicted in Fig. 1 . The three Plagius species form a monophyletic group with considerable bootstrap support (88 %). While the sister group relationships within the genus appear to be well resolved -the tetraploid P. grandis forming the sister to the diploid P. flosculosus with 88 % bootstrap support -the exact position of Plagius within Mediterranean Anthemideae remains unclear due to lacking bootstrap support for a number of branches in the phylogenetic reconstruction. However, Plagius is clearly a member of the clade including Leucanthemum (i.e. Chrysanthoglossum through Daveaua), which receives a bootstrap support of 75 %. With most members of this clade, i.e. all genera except Daveaua, Heteromera and Otospermum (the Leucanthemum group of genera sensu Bremer & Humphries 1993 and Oberprieler & al., in press) , Plagius shares the apomorphic condition of a specialised arrangement of vascular strands and resin ducts in the valleys between ribs of the pericarp wall (Fig. 2) , while in the other Anthemideae both vascular strands and resin cavities or ducts are usually found in the pericarpic ribs. As discussed by Oberprieler (2004: 347) , the transition between achenes with vascular strands and resin ducts in their ribs (as in Daveaua, Heteromera and Otospermum) and achenes with strands and ducts in the valley between ribs (as in the Leucanthemum group of genera) may have been easily realised by the formation of external ribs between the original ribs due to the growth of mesocarpic tissue.
Within the Leucanthemum group, however, both molecular and morphological/anatomical sources of evidence are still insufficient to clarify the relationships between species and genera. Following the cladistic analyses of Bremer & Humphries (1993) , Plagius is supposed to be a member of a monophyletic group together with Chrysanthoglossum, Coleostephus and Glossopappus based on the apomorphic character states of yellow ray florets (missing in Plagius species), flabelliform involucral bracts (reversed in Plagius) and disc corolla lobes with dorsal appendages (Fig. 3D ). Within this group of four genera, Plagius is considered to form a monophyletic group with Coleostephus and Glossopappus due to arcuate achenes and achene ribs that are basally fused into an adaxial foot callus (Bremer & Humphries 1993 ). However, due to the inapplicability of character states (ray florets), the manifestation of reversals (shape of involucral bracts), the occurrence of parallelism [disc corolla lobes with dorsal appendages are known from a number of unrelated Anthemideae genera, e.g., Anacyclus (Humphries 1979) and Anthemis (Oberprieler 1998) ] and the poor and inconstant expression of some characters (shape of achenes, formation of a basal callus), these reconstructions have to be considered very vague and preliminary. Unfortunately, also the reconstructions based on nrDNA ITS sequence information are comparably weak and do not further elucidate the relationships among the entities of this closely-knit group of related species. Finally, only the lack of ray florets may serve as an apomorphic character state to morphologically support the relationship of the three species of Plagius seen in the molecular phylogeny. More detailed morphological/anatomical analyses and molecular studies based on alternative molecular markers are necessary to reach a stable and justified phylogenetic classification within the Leucanthemum group of genera. Note. -Alavi & Heywood (1976: 273) Perennials with annual shoots arising from a woody stock formed by the bases of primary and subsequent annual shoots. Stems herbaceous, basally lignified, erect or ascending-erect, 30-100(-130) cm long, branched in the distal part and with 3-15(-20) capitula, densely leafy but often naked in the proximal part due to the withering and complete vanishing of leaves, sulcate, green or basally and on the ribs sometimes tinged with red, glabrous or in younger parts rarely sparsely hairy with basifixed hairs. Leaves alternate, green, serrate-dentate, glabrous, slightly succulent; basal and lower cauline leaves petiolate, lamina obovate, spatulate or elliptical in outline, petiole slightly winged, entire or dentate, basally slightly broadened and entire or dentate; middle cauline leaves slightly petiolate or sessile, obovate to elliptical or oblong in outline, basally slightly auriculate and dentate; upper cauline leaves sessile, oblong to elliptical, basally slightly auriculate, dentate or entire. Capitula terminal, pedunculate, solitary, (1)1.5-2 cm in diameter (measured from pressed specimens), homogamous and discoid. Involucre hemispherical. Involucral bracts imbricate, in 4 layers, glabrous, pale green, in the upper half with whitish to pale brown, scarious margins; outermost bracts narrowly triangular; middle ones oblong to obovate, 4-5.5 mm long and 1.5-2 mm wide, apically rounded with broad scarious margins; innermost ones obovate with scarious margins. Receptacle convex, epaleate. Florets hermaphrodite, fertile; corolla 2.5-3.5 mm long, apically 5-lobed, yellow. Achenes narrowly obovoidal to cylindrical, straight or slightly curved, 1.2-1.8 mm long, c. 10-ribbed, adaxially basally with a whitish callus; pericarp with myxogenic cells along the ribs and with resin canals between the ribs. Pappus an adaxially longer corona or an adaxial auricle, 0.5-0.8 mm long.
Taxonomy of
Cytology. -This species has formerly been investigated cytologically by Martinoli (1942 sub Chrysanthemum flosculosum), Chiappini (1967b sub C. flosculosum), and Villa (1978) in Sardinia and Contandriopoulos (1957 in Corsica who all found the diploid chromosome number of 2n = 18. We were able to confirm the diploid number in plants from a locality near Bacino Cuga in the vicinity of Sassari in Sardinia (L. Zedda s.n.): 2n = 18.
Flowering period. -May-September (-October)
Distribution and habitat. -Endemic to Corsica and Sardinia (Fig. 5) . In Corsica Plagius flosculosus is not very frequent and according to the studied material and the data given by Jeanmonod (1998) the collecting localities are mainly concentrated in three well defined areas, the valley of the river Rizzanese in the SW of the island, the vicinity of the Étang de Diane in the eastern plain, and the surroundings of Bastia in the NE. In Sardinia the species seems to be somewhat more common and according to the studied specimens and Chiappini (1964 and Valsecchi (1978) three principal areas of distribution are recognisable: the area between Porto Torres and Alghero W of Sassari in the NW of the island, the Gennargentu mountains in central Sardinia, and the area around Cagliari in the south. Plagius flosculosus prefers moist places and is reported to grow along rivers and brooks, on edges of ditches, moist meadows, and coastal marshes from the littoral to the Mesomediterranean stage. It occurs in Corsica up to an altitude of 600 m and in Sardinia up to c. 900 m (Martinoli 1956 ). The species is edaphically indifferent and occurs on soils over calcareous or schistose substrate. According to Jeanmonod (1998 Vogt & Greuter in Willdenowia 33: 42. 2003 Perennials with annual shoots arising from a woody stock formed by the bases of primary and subsequent annual shoots. Stems herbaceous, basally lignified, erect or ascending-erect, 40-80(-100) cm long, branched in the distal half and with 1-7(-15) capitula, densely leafy, sulcate, green or basally and on the ribs sometimes tinged with red, glabrous or sparsely to densely hairy with basifixed glandular hairs. Leaves alternate, green, serrate, glabrous or hairy with basifixed glandular hairs; basal and lower cauline leaves petiolate, lamina obovate, spatulate or elliptical in outline, petiole slightly winged, entire or dentate, basally slightly broadened and entire or dentate; middle cauline leaves slightly petiolate or sessile, narrowly obovate to elliptical or oblong in outline, basally auriculate and dentate; upper cauline leaves sessile, oblong to elliptical, basally slightly auriculate, entire or dentate. Capitula terminal, pedunculate, solitary, 1.5-2.2 cm in diameter (measured from pressed specimens), homogamous and discoid. Involucre hemispherical. Involucral bracts imbricate, in 3-4 layers, glabrous or sparsely hairy, pale green with distal part sometimes slightly tinged with red, in the upper half with whitish to pale brown, scarious margins; outermost bracts narrowly triangular; middle ones oblong to obovate, 6.5-8 mm long and 1.7-2.5 mm wide, apically rounded with broad scarious margins; innermost ones obovate with scarious margins. Receptacle convex, epaleate. Florets hermaphrodite, fertile; corolla 3.5-4.5 mm long, apically 5-lobed, yellow, marginal florets rarely with short yellow ligules. Achenes narrowly obovoidal to cylindrical, straight or slightly curved, 1.5-2 mm long, c. 10-ribbed, adaxially at the base with a more or less prominent whitish callus; pericarp generally with myxogenic cells along the ribs and always with resin canals between the ribs. Pappus absent.
Plagius maghrebinus
Cytology. -2n = 18 chromosomes (Fig. 7A) Battandier (1910 Battandier ( , 1919 , and Emberger & Maire (1929) also reported on this phenomenon.
Distribution and habitat. -Plagius maghrebinus is confined to the Maghreb countries (Morocco, Algeria, Tunisia) and shows a scattered distributed from the Rif mountains in NW Morocco to the mountainous region of Kroumirie in NW Tunisia (Fig. 8) . In Morocco it is recorded from few localities in the Quercus suber woodlands of the mountains Tizirène, Tmorrot, and Khzana. In Algeria it is more frequent and is distributed from the areas of Miliana, Blida and Alger in the west via the Grande and Petite Kabylie and the Annaba area to the Tunisian frontier. In Tunisia it is restricted to the Kroumirie area in the Gouvernorat Jendouba.
Plagius maghrebinus generally prefers moist localities and grows around sources and in somewhat marshy places on road embankments, along field margins, and on stony slopes up to 1600 m above sea level. Alger, 19.6.1937, G. L'Hermite (P); ibid., 22.5.1887, G. de Martelly (G) Note. -Cotula grandis L. has been neotypified by Humphries (in Jarvis & Turland 1998: 359) in the belief that there is no original material available for that name. Obviously the specimen No. 1012.28 in the Linnaean herbarium has been overlooked in the procedure of the "Linnaean Plant Name Typification Project" probably because it is filed within Chrysanthemum rather than Cotula. Since there is original material available Humphries' neotype choice is invalid and the specimen No. 1012.28 from the Linnean herbarium (LINN) is here designated as the lectotype.
Illustrations. -Fig. 2B, 3A-F Herbaceous perennials. Stems herbaceous, erect, (20)-30-80(-110) cm long, solitary or rarely branched in the distal part and with 2-3 capitula, obtuse-angled, green, in the proximal part densely leafy and hairy by basifixed hairs, in the distal part sparsely leafy and usually glabrescent. Leaves alternate, green, slightly succulent, serrate, glabrous or hairy with basifixed hairs; basal and lower cauline leaves petiolate, lamina obovate or elliptical in outline, petiole slightly winged, entire, basally slightly broadened and entire or rarely dentate; middle cauline leaves slightly petiolate or sessile, narrowly obovate to elliptical or oblong in outline, basally broadened and long dentate; upper cauline leaves sessile, narrowly ovate to triangular, basally broadened and long dentate. Capitula terminal, solitary, 2.8-4.5 cm in diameter (measured from pressed specimens), homogamous and discoid. Involucre hemispherical. Involucral bracts imbricate, in 3-4 layers, glabrous, pale green, in the upper half with pale brown to brown, scarious margins; outermost bracts narrowly triangular; middle ones oblong to obovate, 7-10 mm long and 2-3.2 mm wide, apically rounded with broad scarious margins; innermost ones obovate with scarious margins. Receptacle flat to convex, epaleate. Florets hermaphrodite, fertile; corolla 4-5.5 mm long, apically 5-lobed, in marginal florets sometimes 4-lobed, yellow; lobes upright, with long, papillose dorsal appendages. Achenes cylindrical, slightly curved to arcuate, 2-3 mm long, c. 10-ribbed, adaxially at the base with a whitish callus; pericarp with myxogenic cells along the ribs and with resin canals between the ribs. Pappus an oblique, adaxially up to 2.5 mm long corona.
Cytology. -2n = 36 (Fig. 7B) ; Vogt 13636 & Oberprieler 7941 . This is the first report of a chromosome number for Plagius grandis and the first tetraploid set found in the genus.
Flowering period. -(April)May-June(July) Distribution and habitat. -Endemic to Algeria and Tunisia. Plagius grandis shows a scattered distributed from the Wilayas of Oran and Sidi-bel-Abbès in western Algeria to the Kroumirie and Béja area in northwestern Tunisia (Fig. 10) . It prefers moist meadows around sources or muddy grounds and grows along road embankments, field margins, and stony slopes up to 800 m above sea level. 
